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[57] 


ABSTRACT 


A statistical simulation of a semiconductor fabrication pro- 
cess is performed in parallel with the actual process. Input 
parameters derived from a probability density function arc 
applied to the simulator which, in turn, simulates an actual 
fabrication process which is modeled as a probability den- 
sity function. Each simulation step is repeated with a random 
seed value using a Monte Carlo technique, a trial-and-crror 
method using repeated calculations to determine a best 
solution to a problem. The simulator generates an output in 
the form of a probability distribution. The statistical simu- 
lation uses single-step feedback in which a simulation run 
uses input parameters that are supplied or derived from 
actual in-line measured data. Output data generated by the 
simulator, both intermediate output structure data and WET 
data, are matched to actual in-line measured data in circum- 
stances for which measured data is available. The probabil- 
ity density structure of the simulator is adjusted after each 
simulation step so that simulated data more closely matches 
in-line measured data. 
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SYSTEM FOR MONITORING AND simulation model. Furthermore, for simulation tools that use 

ANALYZING MANUFACTURING cither an empirical approach or an analytical approach, the 

PROCESSES USING STATISTICAL model fitting parameters do not have sufficient degrees of 

SIMULATION WITH SINGLE STEP freedom to match the extensive data that are available from 

m^^CK 5 an actual manufacturing process. 

Another characteristic of the manufacturing environment 
FIELD OF THE INVENTION is that monitoring of manufacturing processes and improve- 
ment of these processes is a fine-tuning process. Each tuning 
The present invention relates to manufacturing processes step includes a measurement of small differences in process 
such as integrated circuit fabrication processes. More ^ variables with these differences being attributable at least in 
specifically, the present invention relates to a feedback put to statistical fluctuations and also to complicated inter- 
system for analyzing and monitoring a manufacturing pro- actions between multiple reactions of the process as various 
cess. process parameters are modified. Process results are typi- 


^ . ^ ^ _ r^rx^^r^T cally difficult to measure with accuracy. A large number of 
BACKGROUND OF THE INVENTION ^ mg hry variable factors influence process results. Modifica- 
Process simulation is the usage of processing tion of a single factor in isolation from other factors is 
experiments, typically using a computer, as directed by difficult This difficulty arises not only from a limited 
mathematical models created to describe a process phenom- understanding of a factor* s influence on the process but also 
ena. Many simulation and analysis tools (for example, because the various factors cause complex inter-related 
Pisces. Medici. Suprem3, Suprem4 and PdFab) have been ^ cross effects and interactions. Thus, a simulation and analy- 
developed to assist process integration and device develop- sis tool that a production engineer confidently uses needs to 
ment. These tools have not been as widely employed for supply a much higher order of measured precision of the 
integrated circuit manufacturing. Generally, these tools are data. Mere indications of data trends are insufficient. What 
developed primarily for research and development purposes is sought in the development of manufacturing tools and 
and do not adequately address various difficulties that arise ^ techniques is not a drastic change in a fabricated structure, 
in the manufacturing environment but rather a small adjustment in characteristics. For example. 
Several characteristics are generally applicable to the what typically produces an improvement in "integrated 
manufacturing environment and distinguish the nianufactur- circuit structure, such as an LDD structure in a transistor, is 
ing environment from a process integration and device a change in dopant dosage on*out ten i>ercent or a change 
development environment. One characteristic of the manu- so W"* 1 tenmcrature of 100° C The combination of the 
facturing environment is mat measurable aspects of pro- small size of the adjustments which are achieved *V P*°cess 
cesses arc have a fundamentally statistical nature, rather than modifications and the difficulty in measuring results of the 
a octerministic nature. Process variations and measurement modifications accurately manifest a disadvantageous char- 
errors are inherent to manufacturing processes so that sub- acteristic of the rrumufactunng environment akin to a poor 
stantiaUy all data measured in a manufacturing environment 3 5 signal-to-noise ratio in signal processing, 
is statistical. Exact measurement values arc generally not Manufacturing simulation tools are calibrated prior to 
available for each device at each stage of a manufacturing performing a simulation test. Calibration is typically accom- 
process so that a single data point is ^sufficient to justify a plisbed by entering calibrated input parameters mat are 
decision relating to the process. For example, if it is known generated either experimentally or by previous simulation, 
that application of input parameters A and B to a fabrication 40 In conventional manufacturing process calibration, a speci- 
process to yield an output variable C, what is truly known is fied value of a parameter is fitted to produce a specified 
that input parameters A and B each have a statistical profile process output value. Realistic simulation results are rarely 
that, when combined in the fabrication process, yield a achieved using conventional simulation and calibration 
statistical profile C shown in FIG. 1. The most useful techniques since these techniques do not capture the true 
information available in a nxanirfacturing environment is the 45 nature and complexity of the manufacturing process, 
form of the statistical profile which results from the process. Furmermore, conventional calibration processes require an 
Unfortunately, nearly all information that is utilized in the intense study of device engineers before a simulation tool 
manufacturing environment and all input parameters to a becomes useful. Thus, the calibration processes cause sig- 
fatarication tool are expressed in the form of single-valued nificant delay in process qualification and improvement, 
parameters, rather than in statistical profiles. 50 This problem is worsened by the fact that calibration pro- 
While conventional simulation and analysis tools do not cedures are repeated continuously as the environment in the 
suitably address the statistical nature of inanufacturing rnanitfacturing area changes over time, 
processes, these tools are also deficient in failing to take These characteristics of the manufacturing envrrownent 
advantage of the extensive process variables, in-line mea- are applicable to an analysis of manufacturing monitoring as 
surement* and Wafer Electrical Testing (WET) data men- 55 well as process improvements. For example, it is often 
surements that are available. WET testing includes testing desirable to know how processes change over time to track 
for various device electrical parameters including threshold changes in fabrication results of a small amount, such as 3 
voltage and drive current that are measured at a wafer level, percent, over time, for example 3 weeks to yield an ultimate 
before bonding. Conventional simulation and analysis tools result Furthermore, these small <hfferences are typically 
designed for research and development generally presume 60 measured in an environment of statistical fluctuation and 
that a fabrication process is not yet operational for actual measurement error. 

manufacturing. Therefore, these conventional simulation Although many characteristics of the manufacturing envi- 

and analysis tools are not sufficiently flexible for a manu- ronment are disadvantageous, several arc advantageous, 

facturing engineer to make optimizations of the process. One advantage is mat specification of the structure resulting 

Specifically, these conventioDal tools do not allow the manu- 65 from the manufacturing process is well defined. Another 

facturing engineer to utilize the extensive statistical data that advantage is that actual in-line measurement data acquired at 

is available in a manufacturing process to optimize the various stages of the manufacturing process and Actual WET 
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data are plentiful and easily available. These data include manual calibration by furnishing a calibration framework In 
statistical profile data that are highly informative regarding which specific parameter* are modified independently and 

nScations that produce even Xll differences can be defect rate of fabricated devices b very low due tothc 
measured nwmtoredand analyzed. reduction in handling. A further advantage of the method 

measure*, moniiorea ana anaiyzcu. 10 ^ rcsults from mc reduced handling is a substantially 

SUMMARY OF THE INVENTION reduced manufacturing cost 

In accordance with the present invention, a statistical BRIEF DESCRIPTION OF THE DRAWINGS 

simulation of a semiconductor fabrication process is per- x>*%^ "^^^ 

formed in parallel with the actual process. Input parameters The features of the invention believed to be novel are 

extracted from actual fabrication data and expressed in the specifically set forth in the appended claims. However, the 

form of a probability density function are applied to the invention itself, bom as to its structure and method of 

simulator which, in turn, simulates an actual fabrication operation, may best be understood by referring to the 

process which is modeled as a probability density function. following description and accompanying drawings. 

Each simulation step is repeated with a random seed value ^ pjQ \ labeled Prior Art, is a sequence of graphs which 

using a Monte Carlo technique, a trial-and-erxcr method illustrate a black-box analysis of a manufacturing process, 

using repeated calculations to determine a best solution to a showing statistical profiles of two process input parameters 

problem. The simulator generates an output in the form of a whic ^ ^ combination, yield a statistical profile of an output 

probability distribution. variable. 

The statistical simulation uses single-step feedback in B pjQ 2 is a block diagram showing components of a 

which a simulation run uses input parameters that are simulation system in accordance with an embodiment of the 

supplied or derived from actual in-line measured data. pr C5cn t invention. 

Output data generated by^simulator. mGS . 3A and 3B are block diagrams illustrating a two- 
output structure data and WET data, are matched to actoal ra ™^~ of me simu]Ati oo system shown in FIG. 2. 
in-line measured data in circumstances for which measured ra °£™ . ™ ^\ , 7 lt - rf . 
data is available. The probability density structure of the 30 FIO. 4 is a flow chart of 

simulator is adjusted after each simulation step so that statistic^ simiilation method in accordance with an embodi- 

simulated data more closely match in-line measured data. ment of the present invention. 

The essence of the single-step feedback is that one dedicated FIG. 5 is a flow chart of a measured data Wghpass filtering 

series of Monte Carlo simulations exists for the calibration 35 operation of the calibration process shown in FIG. 4. 

of each individual process step, using calibration results FIGS. 6(A), 6(B) and 6(C) are a sequence of graphs which 

from all of the previous steps. For example, if a process illustrate intermediate results of a measured data highpass 

includes fifty process steps and one hundred Monte Carlo filtering operation depicted in FIG. 5. 

simulation steps are needed to build the calibration model. jugs, 7(A), 7(B), 7(C), and 7(D) are a sequence of graphs 

then the simulation process will include 5000 simulation ^ which ^stratc intermediate results of a specified data 

steps in the calibration process, each starting from the first highpass filtering operation. 

step to the calibrating step. FIG 8 is a flow chart which illustrates steps of a matching 

The statistical simulation includes two types of simulation opcnitkm for matching actual data to simulated data. The 

runs including calibration runs and prediction runs. Both n ^ rhing operation is a step of the calibration process 

types of simulation runs are statistical simulations which 45 dc8cribcd respect to FIG. 4. 

employ a probability density function as a basic elementary no. 9 fa a flow chart which illustrates steps of a predic- 

uniL . ^ . . tion process of a statistical simulation method in accordance 

The calibration run calibrates simulated output data to embodiment of the present invention, 

match actual in-line measured data. A simulation <>P**<* # . fl ^ snowing elements of an overall 

specifies^ actual in-line measured dau ^^^^ *> J^'tfa fao^catio^ sys^in accordance with an 

the calibration run. For example, in a typical fabrication \ ^L^ nf invention 

process, particular process parameters including fabrication embodiment of the present invention, 

tool-specific parameters, temperatures, pressures, deposition DETAILED DESCRIPTION 
material concentrations, and the like, are specified indepen- 

dently Results of calibration runs are compared and param- 55 FIG. 2 is a block diagram showing components of a 
eters are updated as a result of these comparisons so that the simulation system 200, including various fabrication equip- 
process is specialized for selected fabrication characteristics. ment 210, various test equipment 212 for measuring process 
The described process has many advantages. One advan- parameters and a rinmlation computer »y stem 214. In an 
ta« is toat^oVsoibed apparatus and^ethod combine actual fabrication process, typically a plurality of fabrication 
statistical analysis of extensivlavailable measurements with 60 equipment 210 is employed to carry out Afferent steps of the 
feedback to an in-line manufacturing process line. In fabrication process. At several stages of the faWcation 
addition, the automatic calibration feature of the statistical process, process parameters are acquired using the test 
simulation method advantageously complements manual equipment 212. Acquired process parameter data arc con- 
calibration of a fabrication process. A simulation operator veyed to the simulation computer system oyer a transmis- 
maintains the capability to manually calibrate fabrication 65 sion path 216. The transmission path 216 is any suitable 
parameters by simply changing parameter values in the communication system such as transmission wires or net- 
simulator. The automatic calibration feature facilitates work lines. Other data transmission methods may include 
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manual techniques such as conveyance by magnetic disk. process 450. The actual in-line process 420 includes with a 

Examples of fabrication equipment 21* include CVD wafer start step 422 for initializing process parameters takes 

reactors, vacuum pumps, ion implantation equipment, depo- place, a single process step 424 for performing a single 

sition equipment, photolithography equipment, optical selected fabrication process step, a measurement step 426 

aligners, photomasks, wafer cleaning equipment, wet etch- 5 for measuring a result of the selected fabrication process, a 

lug equipment and the like. Examples of test equipment 212 process end step 428 for terminating the selected fabrication 

include residual gas analyzers, spectral analyzers, electrical process and the measure WET data step 430 for measuring 

probes, optical dosimetry measurement equipment, optical WET data parameters. Adjustment of different process steps, 

microscopes, laser reflectometry equipment, spectroscopes which are suitable for simulation analysis, of a plurality of 

and similar data acquisition tools that are known in the art lQ suitable process steps is performed independently in mis 

of jnanufacturing. The simulation computer system 214 is manner. A process step which is suitable for simulation is a 

any suitable computer system which includes common com- process step that: (1) produces a fabrication result that is 

putational functionality and common communication opera- important to the functionality or structure of an integrated 

dons for receiving process data. In one exemplary circuit, (2) produces a measurable result, (3) is capable of 

embodiment, a SUN SPARC 20™ application server with a 15 simulation, and (4) responds to changes in simulation 

network of x86 PC interface clients are employed as the parameters with differences in function or structure, 

computer system 214. A customized FdFab™ simulation Examples of suitable process steps include pad oxidation 

tool and conventional software, including Microsoft before channel implant, gate oxidation, gate etch and spacer 

Excel™ and Microsoft Access™ are used to process data. oxide steps. Typically, two types of output data are measured 

The simulation system 200 is a simulation and analysis ^ that result from a fabrication process step, including vertical 

tool for a manufacturing environment that incorporates dimension data and horizontal dimension data. Examples of 

several objective properties. First, the simulation system 200 vertical dimension data include oxide growth, gate oxide 

provides for simulation and analysis in which data is input, thickness, polysilicon thickness data and the like. Horizontal 

processed and output with an arbitrary statistical distribution dimension data include polysilicon gate length and LDD 

profile since actual fabrication data statistics may not be ^ spacer width, for example. 

distributed in a Gaussian profile. Second, the simulation Doping profile data results from processes which are 

system 200 furnishes a capability to utilize any measured assumed to be stable so that a doping profile is typically 

data, if available, to improve the accuracy of simulation known, allowing simulation on the basis of theoretical 

results. The simulation system 200 also allows data supple- estimations of parameter values, rather than measured data, 

mentation to achieve a best possible simulation even if some jq In one example of a suitable selected fabrication process, the 

statistical data is not measurable or is otherwise unavailable. single process step 424 performs a gate oxidation process 

Third, the simulation system 200 is flexible and allows and the in-line measurement step 426 measures a data profile 

models underlying the simulation to be upgraded and of oxide thickness. 

improved. Fourth, the simulation system 200 performs sub- Corresponding steps of the simulation process 450 are 

stantially all operations promptly and automatically without 35 performed in parallel with steps of the actual in-line process 

conflicts with existing data collection and analyzing systems 420. A simulation start step 452 begins the simulation 

in the fabrication. process 450 in response to initializing data from the actual 

Referring to FIGS. 3A and 3B, two-run process of the in-line process 420. The wafer start step 422 generates initial 
simulation system 200 includes two different run modes of data, such as orientation data, that is measured and trans- 
operation, specifically a calibration run 310 depicted in FIG. 40 f erred to the simulation process 450, typically through a 
3A, and a prediction run 320. In the calibration run 310 manufacturing control system, such as Workstream™, the 
depicted in FIG. 3A, available data are processed to generate remote access channel of the manufacturing control system, 
fitting functions for matching simulated and measured data. such as Remote Workstream™, and a network connection to 
The calibration run 310 includes a single simulation step 312 the application server, such as TCP/IP. A simulation start 
and actual measurements 314. Results of the simulation step 45 st ep 452 initializes parameters of the simulation process 450 
312 and the actual measurements 314 are processed accord- to arbitrary, used-defined values. Following the simulation 
ing to a fitting function 316. The calibration run 310 includes start step 452. a simulation step 454 simulates the actual 
a scries of single simulation steps 312, each with corre- process step performed in single process step 424. first using 
sponding actual measurements (both process parameters and arbitrary, user-defined parameters and later adapting the 
m-linc/WET data) 314. Results of a plurality of the simu- 50 parameter values on the basis of actual in-line measure- 
lation steps 312 and the actual measurements 314 are ments. Various miscellaneous input parameters such as 
processed to produce a fitting function 316. Bach simulation processing time are designated by the test operator. These 
step 312 processes data accumulated using all fitting func- input parameters are applied to the single process step 424 
tions previously calculated during the calibration run 310. and the simulation step 454. Input data may be applied in 

In the prediction run 320 depicted in FIG. 3B, measured 55 several formats. However, the input data is converted into a 

data and the fitting functions calculated in the calibration run statistical distribution function before actual processing 

310 are used to predict unknown data. During the prediction begins. For an array of input data points, data is sorted and 

run 320, if any process parameter is missing from the the probability of a data value being between any two 

existing database, the statistical distribution function used in consecutive data points is assumed to be the same. For data 

the corresponding calibration run 310 replaces the missing 60 presented in statistical form, such as data with a mean, 

parameter. If any WET data or in-line parameter is contained standard deviation and range limits, the data is modeled in 

in the existing dataset, these WET data or in-line parameters a statistical distribution function as a truncated Gaussian 

replace computed values without changing fitting functions. profile for usage as a statistical distribution function. For 

Referring to FIG. 4, a flow chart of a calibration process data presented in a statistical form, such as a mean and range 

400 of the statistical simulation method is shown. The 65 limits, the data is modeled in a statistical distribution func- 

calibration process 400 includes two parallel processes tion as a truncated Gaussian profile with each specified limit 

including an actual in-line process 420 and a simulation being presumed to deviate from the mean value by three 
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standard deviations. If the mean is not centered between die 
range limits, the function is modeled as an asymmetric 
profile and is considered the combination of two half- 
Gaussian profiles that have the same population and differ- 
ent standard deviations. For data presented in a statistical 
form, such as a mean and standard deviation, the data is 
modeled in a statistical distribution function as a Gaussian 
profile. Data presented as a single data point is used only for 
parameters that are insignificant when no additional infor- 
mation is unavailable. Each actual or simulation result, 
including intermediate results. Is applied to the simulation 
and process as a statistical distribution function, rather than 
a single data point Thus, a statistical distribution function is 
the elementary data type in the simulation system 209. 

Simulation step 454 operates on the basis of statistical 
simulation in which a simulation step is repeated many 
times. Each single simulation run computes one value from 
each input statistical distribution function, processes the 
input values in accordance with a corresponding physical or 
device model, and obtains a value for each output statistical 
distribution function. A higher number of simulation repeti- 
tions results in improved accuracy in the output distribution. 

One example of an input processing parameter is a 
processing time parameter. In addition, various actual in-line 
measurements are acquired during the single process step. 
Results of these in-line measurements are communicated to 
the simulation step 454 by a higbpass filter step 456. The 
highpass filter step 456 filters input parameters and in-line 
measured data from the single process step 424 and per- 
forms digitized processing to generate an output of a discrete 
probability density function. Simulation results from the 
simulation step 454 are applied to a generate simulated 
profile step 458 and to a random seed step 460. The random 
seed step 460 updates a seed value for Monte Carlo tech- 
nique simulation and applies the updated seed value to the 
simulation step 454. The generate simulated profile step 458 
constructs a simulated profile which is used for matching 
analysis of actual and simulated results. The simulation 
takes place in a plurality of Monte Carlo steps, each step 
including one pass through the simulation and random seed 
steps 454 and 46*. 

Multiple-pass feedback steps mat are performed in the 
simulation and random seed steps 454 and 46* are illustra- 
tive of a single-step feedback concept for performing cali- 
bration of the simulation system 20+. Each single simulation 
step is evaluated independently of other simulation steps. In 
one simulation step, data arc measured and applied to a 
simulation step and results of the simulation are fed back to 
the process. Simulation results are used only to compute the 
fitting function for data measured within the simulation step. 
Using the single-step feedback concept, measured data is 
flexibly used to improve simulation accuracy while the 
interaction between different simulation steps and propaga- 
tion error are reduced. 

The single-step feedback concept is substantially different 
from conventional simulations in which an entire simulation 
is completed in each simulation run with intermediate output 
values of all simulation steps being assembled and the 
output fitting function being calculated all at one time. 

Subsequent to the single process step 424, the in-line 
measurement step 426 measures the data profile of oxide 
thickness and communicates the data profile result to an 
actual data to simulated data comparison step 462. The 
actual data to simulated data comparison step 462 receives 
simulated data from the generate simulated profile step 458 
and actual in-line data from the in-line measurement step 


426. and compares these data profiles digital sample by 
digital sample, for example by cal c ulat in g the point-by-point 
difference of the profiles. The difference profile is stored in 
store difference profile step 464. A determine matching 

s process to convert step 466 determines whether to convert 
simulated profile data using previous simulated data or 
actual data on the basis of the difference profile determined 
by the data comparison step 462. A conversion operation is 
performed on the simulated profile in matching process 

10 conversion step 468 which iteratively converts the simulated 
profile received from the generate simulated profile step 458 
on the basis of the difference profile received from the data 
comparison step 462. The matching process conversion step 
468 combines the difference profile and the simulated profile 

15 and produces a conversion function. The conversion func- 
tion is then used to match any arbitrary simulated point to a 
converted rinm 1 * 1 ^ point for latter simulation. One way to 
obtain the conversion function uses Newton's interpolation. 
Thus, for a data range defined by actual measured data, 

2Q Newton's interpolation Is used to define a continuous func- 
tion based on percentile matching. For a data range not 
defined by actual measured data, a third order polynomial is 
used to define the continuous function. This matching 
method furnishes a suitable balance between flexibility and 

23 accuracy. 

After each single process step and each simulation step is 
complete and the simulated profile is generated, additional 
process steps may be performed and additional simulation 
process steps including various simulation, highpass filter, 

30 generate simulated profile, random seed, actual data to 
simulated data comparison, store difference profile and 
determine matching process to convert and matching pro- 
cess conversion steps may be performed for the application 
of additional fabrication processes. For each single process 

35 step of actual in-line fabrication and each corresponding 
simulation, a full actual in-line process and a full simulation 
are pe rform ed, using random input parameter data, so that 
independent processing stages are performed with actual 
fabrication steps proceeding in parallel with simulated steps. 

40 Following all actual process steps, actual processing 
terminates with an actual process end step 428 and the 
measure WET data step 436 measures the final output data 
of the fabrication process and generates a WET data profile. 
The WET data is processed in a highpass filter step 432 to 

45 generate filtered WET data. 

Following all simulated process steps, simulation termi- 
nates with a simulated process end step 470 and a full device 
simulation step 471 is performed by device simulation step 
471 step 472. The device simulation step 472 incorporates 

30 profile information derived in previous simulation steps and 
utilizes Monte Carlo analysis using random seed simula- 
tions. A generate device simulation profile step 473 gener- 
ates a device profile that corresponds to the actual calculated 
WET data, A device profile matching step 474 compares the 

55 WET data to the device data generated by the device 
simulation step 471 digital sample by digital sample, for 
example by calculating the point-by-point difference of the 
profiles. This device difference profile is stored in store 
device difference profile step 476. A determine matching 

«o process to convert WET data step 478 determines whether to 
convert Mim'lntf 1 profile data using previous simu la t ed 
WET data or actual WET data on the basis of the difference 
profile determined by the device profile matching step 474. 
A conversion operation is performed on the simulated WET 

65 data in WET statistical profile conversion step 48* to 
generate the final output profile of the calibration process 
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Output data that is generated by the calibration process 
400 includes all of the matching profiles and all simulated 
profiles. 

In some embodiments of the calibration process 400, the 
actual in-line process 420 and the simulation process 450 are 
completely automatic, being performed in parallel, simulta- 
neously and in real time. In other embodiments, the actual 
in-line process 420 and the simulation process 450 are 
performed in parallel but not in real time so that the various 
actual process steps and simulation steps are performed 
generally independently but with data acquired from mea- 
surements on the actual in-line process 420, filtered off-line 
in steps such as the highpass filter step 456, and communi- 
cated to the simulation process 450, off-line. 

In some embodiments of the calibration process 400, 
in-line data extraction from the actual in-line process 420 is 
automated and the highpass filtering in steps such as the 
highpass filter step 456 is operated for pre- selected samples 
of actual in-line data automatically and periodically. 

Referring to FIGS. 6(A), 6(B) and 6(C) In conjunction 
with a flow chart shown in FIG. 5, a highpass filtering 
operation for highpass filtering measured data is described 
graphically. The highpass filtering operation Is performed in 
the highpass filter steps 432 and 456 shown in FIG. 4, for 
example. FIG. 5 is a flow chart depicting steps of a highpass 
filter operation 500 for filtering measured data. Data is 
measured in measurement step 510 and measured data is 
counted in each of a plurality of quantized error ranges fix 
in fill histogram step 512. Data is in the form of process 
parameters, in-line measurements and WET data. Generally, 
process parameters include any suitable and meaningful 
process parameters that may be measured, observed or 
specified during a fabrication process. Suitable process 
parameters include furnace t empera tures and deposition 
times, for example. In-line measurements include any mea- 
surements of process results such as oxide thickness for a 
gate oxidation process step, poly silicon thickness for depo- 
sition steps, and the like. WET data includes electrical 
parameter measurements such as threshold voltage (Vth), 
saturation threshold voltage (Vsat), m a ximum transconduc- 
tance (Gm) and saturation current (Idsat). Process steps of 
pad oxidation before channel implant, gate oxidation, gate 
etch and spacer oxide steps are considered most influential 
for controlling these WET data parameters. A process 
parameter designates a specified parametric value which 
serves as an input parameter to a process. The in-line 
measurements and WET data are measured as results or 
applied as input parameters to the process. 

FIG. 6(A) shows a histogram of actual in-line data mea- 
surement values shown on the horizontal axis in a quantized 
error range fix and the number of data points falling within 
each 5x range of measurement values on the vertical axis. 
The highpass filtering operation described with respect to 
FIGS. 6(A), 6(B) and 6(C) operates on measured and 
observed data. 

Referring again to FIG. 5, error quantization step 512 
modifies quantization of the error term ox into a step size 6y 
in a predetermined manner so that each Sy is the largest 
value which is less than 5x and equal to the difference 
between the maximum and ™tn<imim value x divided by an 
arbitrary integer n. FIG. 6(B) shows a histogram of actual 
in-line parameter values shown on the horizontal axis in 
terms of the n groupings of quantized step size 6y. These 
values are normalized in data normalize step 516 so that 
each histogram value indicates a percentage of the total 
number of data points falling within each step size range. 


Derive probability density function step 518 function step 
516 calculates a probability density function of the actual 
in-line parameter values. An example of the probability 
density function is shown in FIG. 6(C). Generate probability 

S density table step 520 assembles a table of n probability 
density function values in ascending order of steps 6y. 

Referring to FIGS. 7(A), 7(B). 7(C) and 7(D). a highpass 
filtering operation for highpass filtering specified data is 
described graphically. For specified data, a probability den- 

]0 sity function is derived theoretically rather than experimen- 
tally so that no data is processed. Specified data is specified 
by various statistical parameters. In one example, specified 
data is specified by a mean parameter value u. a standard 
deviation value p, a maximum parameter value and a 

,5 minimum parameter value so that a probability density 
function is fitted to a Gaussian distribution as is shown in 
FIG. 7(A). In another example, specified data is specified by 
a mean parameter value u and a standard deviation value p 
alone so that a probability density function is fitted to a 

20 Gaussian distribution as is shown in FIG. 7(B). In a further 
example, specified data is specified by a mean parameter 
value u, a wwrtmnTn parameter value and a minimum 
parameter value so mat a probability density function is 
fitted to an asymmetric Gaussian distribution as is shown in 

25 FIG. 7(C). In another example, specified data is specified by 
a mean parameter value u alone so that a probability density 
function is estimated to a Gaussian distribution as is shown 
in FIG. 7(D). Generally, a more suitable probability density 
function is calculated when more parameters are supplied as 

30 opposed to fewer parameters. 

Referring to FIG. 8, a matching operation 8— for usage 
in the actual data to simulated data comparison step 462 and 
the device profile Patching step 474, both shown in FIG. 4, 
is illustrated by a flow chart. First, actual data is highpass 

35 filtered in the manner described with respect to FIG. 5. 
Specifically, the matching operation 880 includes the fill 
histogram step 512, the error quantization step 514, the data 
normalize step 516, the derive probability density function 
step 518 and die generate probability density table step 526. 

40 In a match profile step 82f , the probability density table for 
simulated data generated in a step which generates simulated 
data such as generate simulated profile step 458 and the 
generate device simulation profile step 479, both shown in 
FIG. 4 is fitted to the probability density table for the actual 

45 data generated by the generate probabiliry density table step 
52*. Profile fitting is performed by forcing the step sizes of 
the fifr""1-*~i profile 6Y so that the percentage of the total 
number of data points falling within each variable step size 
range of the simulated profile matches the percentage of data 

50 points in each fixed step size range of the actual data profile. 
In this manner, a difference profile is generated which 
includes a 4 times n array of step samples. For each of the 
n step size samples, four elements arc stored including an 
amplitude number indicative of the percentage of total data 

55 points for each step element, the ascending fixed-size 6y 
steps for the actual data, the ascending variable-size 5/ steps 
for the fitted simulated data and elements indicative of the 
difference step sizes Sy-Sy'. 

In a determine best fit step 822, a best fit function for the 

60 amplitude number is derived using a selected fitting 
function, as is known in the art, such as a polynomial fit 
function, a spline function or the like. In one example of a 
best fit function, a constant function Is applied and residue 
(difference) calculated, then a linear polynomial fit is applied 

65 and residue calculated. If the difference is residue is less than 
a designated amount, a constant function furnishes a best fit 
If neither the constant nor the linear polynomial functions 
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supply a best fit, a second order polynomial function is 
applied. Similarly, higher order polynomial functions are 
applied until a best lit is found Generally, the best simulator 
is a simulator in which the best fit is a constant function or, 
if a constant function does not yield a best fit, a lower order 
polynomial function. 

One advantage that is achieved by the matching operation 
800 is a high simulation accuracy based on the 
automatically-obtained precise fitting function between a 
calibration output statistical distribution and actual data. 
This operation statistically fits two data populations for 
which the entire percentile distribution is known so that the 
fitting function for a range of parameters and data measure- 
menu is simply calculated by a direct percentile correlation. 
This means, for example, mat 10%, 35%, and 75% of the 
output statistical distribution function is mapped to 10%, 
35%, and 75% of the actual data. Data values between two 
data points is accurately measured by interpolation. 

A further advantage of the matching operation 800 is that 
the process is flexible and applicable for substantially any 
profile for any number of data samples. Another advantage 
is that the fitting function applies to out-of-rangc data points. 
A further advantage is that low pass and high pass filters may 
be applied to the resulting data to compensate for measure- 
ment inaccuracy. 

The matching operation 800 also handles out-of-rangc 
data and predicts possible outcomes mat result from appli- 
cation of experimental process parameters that have values 
outside conventional limits. Therefore, the matching opera- 
tion 800 extends beyond the region defined by calibration 
data. From numerical analysis theory, the higher the extrapo- 
lation function order, the larger the possible error. To com- 
promise the accuracy and flexibility of the fitting function, 
a third-order polynomial is used for the fitting function in a 
region not defined by calibration data. 

Following the calibration process, a prediction process is 
performed. The operator specifies input parameters for the 
prediction process including any operator-selected input 
parameters or profiles. Any input parameters that are not 
specified default to parameters or profiles that are derived in 
the calibration process. Referring to FIG. 9, a prediction 
process 900 begins with a simulation start step 910 in which 
operator-specified input parameters and profiles are entered 
and default input parameters and profiles are installed. In 
user-defined simulation step 912, a simulation is performed 
and profile derived using user-specified data and data from 
a processed table. Following the simulation step 912, a 
simulated profile is generated in simulated profile step 914. 
A matching conversion step 916 combines the difference 
profile and the simulated profile and produces a conversion 
function. A converted structure is derived in step 918. 
Various process parameters are simulated in this manner 
until a process end step 920 terminates the prediction 
simulation. A device simulation is men performed in device 
simulation step 922. A profile generated from the device 
simulation is then matched in matching to convert step 924, 
thus generating simulated WET data. 

The WET data derived from device simulation is deter- 
mined in precisely the same manner as the in-line data after 
process simulation, using the same matching and conversion 
techniques. 

One advantage of the simulated process method is that 
simulated and actual data are all treated uniformly and in a 
statistical, rather than deterministic, m anne r. Another advan- 
tage is that all actual in-line data and WET data are available 
for usage in improving the accuracy of the simulation. 
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Furthermore, for an improved-stability fabrication process, 
data fitting is substantially automatic. In addition, physical 
calibration of the process is not necessary so that automatic 
calibration is possible by simulation is achieved before a 
fabrication tool is used in manufacturing. An additional 
advantage is that simulated data achieve improved param- 
eter accuracy. 

Referring to FIG. 10. an overall structure of a fabrication 
system 1000 is shown in block diagram form. In this system 
1000, a fabrication process 1010, as circuits are fabricated, 
generates actual in-line data that is assembled in in-line data 
block 1012 and information for derivation of WET data 
measurement step 1016. This WET data is assembled in 
WET data block 1018. The in-line data and WET data are 
entered into a database 1020. Data in the database 1020 are 
processed in automatic data extraction step 1022 at sched- 
uled intervals such as weeks. These data are assembled in 
daU process block 1024 and applied to a calibration process 
1026. Matching procedures are implemented in matching 
function block 1028 to derive profiles and data which are 
entered into the database 1020. The profiles and data are 
applied to a prediction process 1030. Selected information in 
the database 1020 are also manually extracted in manual 
extraction block 1032 and this data along with operator- 
supplied data 1034 are applied to a manual data processing 
block 1036. Data derived in the data processing block 1036 
are also applied to the prediction process 1030. A calibration 
process 1038 is also performed using the data from manual 
data processing block 1036. Information from the calibra- 
tion process 1038 is used in a manual matching function 
block 1040 to derive profiles and data resulting from the 
manual extraction of selected data, which are also entered 
for performance of the prediction process 1030. The predic- 
tion process 1030 generates prediction information for vari- 
ous applications in block 1042. 

One practical use of a calibration run is to simulate a 
fabrication process, holding all parameters constant, but 
taking actual in-line data measurements over time. For 
example, in some embodiments of the method, data may be 
measured weekly over multiple weeks to detect shifting in 
process properties over time. Other applications for statis- 
tical simulation include monitoring of manufacturing 
processes, process development and improvement and com- 
parison of data for different manufacturing processes. 

The description of certain embodiments of this invention 
is intended to be illustrative and not limiting. Numerous 
other embodiments will be apparent to those skilled in the 
art, all of which are included within the broad scope of this 
invention. 

What is claimed is: 

1. A manufacturing monitoring system comprising: 

a fabrication equipment for performing a fabrication 

process step applied to a workpiece; 
a test equipment for acquiring a sample of a process test 

parameter sensed from Che workpiece; 
a computer coupled to the test equipment to receive the 

process test parameter sample; 
a software program operable upon the computer system, 
the software program having a plurality of routines 
including: 

a routine for receiving the process test parameter 
sample; 

a routine for simulating a simulated fabrication process 
step which corresponds to the fabrication process 
step to generate a plurality of simulated fabrication 
process results, routine for simulating being a statis- 
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tical simulation of a semiconductor fabrication pro- 8. A software program according to claim 7 further 

cess further including: comprising: 

a simulation loop routine using single-step feedback a Monte Carlo simulation routine for iteratively updating 

in which a simulation step of a plurality of simu- simulation results using a random seed value, 

lation steps uses input parameters that are supplied 5 9. a software program according to claim 7 further 

from actual in-line measured data and generates comprising: 

output data; a routine for formatting a plurality of process test param- 

a subroutine for matching output data generated by eter samples into a process data profile; and 

the simulation step against actual in-line measured , routinc fQf mMUAsin ^ mc process data profile to the 

and 10 sfallI |ated profile, 

a subroutine for adjusting a probability density stnic- software orocram according to claim 7 wherein the 

t™ «f the simulator after each simulator step so ?>' A SQnWRrC ac ™T* 71 _ — ... ». 


that the simulated data .marc closely matches the ,Siictor fabrication process further compris- 

actual in-line measured data; and . 

3. A system according to claim 1, wherein the software the amul fabrication process being modeled as a 
ptoer am further includes: probability density function. 

ixugtuu iuiuib 11 A software nroeram according to claim 10. wherein 

, routine foe matching the process data profile to the * ^^^^ proS™ acSSng tocUim 10. wherein 

simulated profile. ^ software program simulating routine is a statistical 

4. A system according to claim 1 wherein ure software ^Satoooducto^ fabrication process furth<* 
program simulating routine is a statistical simulation of a eomnrtstasr 

semiconductor ^cation process furtl 1 cr«^ S ^: T^tine for repeating a plurality of simulation .tops, 

a subroutine for deriving an input parameter to the sunn- 8 „pe«tod stepTwlying a varying random seed 

lation from an actual ***^,^*J£S^'«* v^uc^atis varied using a Mon« Carlo technique, 

input parameter being derived from a probability den- 13 A ^ft^ prognm according to claim 10. wherein 

sity function; and ... . the software program simulating routine is a stetistical 

a subroutine for srmulatmg an actual fabrication process, simulation of a semiconductor fabrication process further 

the actual fabrication process being modeled as a comprising; 

probability density function. a simulation loop routine using single-step feedback in 

5. A system according to data 4, wherein software J* oa ltep of . plurality of simulation 
program simulating routrne is reformed In parallel with the ^ uset input par^Aeters that are supplied from 

^TX°^Zg to claim 4, wherein the software 40 »ctual in-line measured data and generates output data; 

progrur! SS» i» » rustical simulation of a a subroutine for matching output data gencratedby the 

SSduX ftbric^ion process further comprising: simulation step against actual in-hne measured date; 

a subroutine for repeating a plurality of simulation steps, aDd , r „ . . . -.. ....... . 

the repeated steps applying a varying random seed a subroutine for adjusting a probability density structure 

value Ihatis varied using . Monte Carlo technique. of the simulator after each simulator step so that the 

7. A software program encoded on a computer-usable simulated data more closely matches the actual in-line 

medium having computable readable code embodied therein measured data. 

controlling a manufacturing monitoring system, the manu- 14. An executable program code encoded on a computo- 
facturing monitoring system including a fabrication equip- „ usable medium having computable readable code embodied 
meat for forming a fabrication process step applied to a 30 therein controlling a manufacture rooming system. jhe 

workplecr. test equipment for acquiring a simple of a manufacturing monitoring system including . fabrication 

process test parameter sensed from the workpiece, a com- equipment for performing a fabrication process step applied 

outer coupledlo the lest equipment to receive the process to a workpiece, a test equipment for acquiring a sample of 

test parameter sample and having a memory, and the soft- a process test parameter sensed from the workpiece^ a 

wariTinoram loadable into the memorv and executable on computer coupled to the test equipment to receive 


warcprogram loadable into the memory and executable on computer coupled to the test equipment to receive tfic 
the computer, the software program having a plurality of process test parameter ^sample and having a memory, and Ac 
routinestodudina- software program loadable into the memory and executable 

a routine f«receiving the process test parameter sample; on the computer, the software program having a plurality of 
a routine for simulating a simulated fabrication process <*> routines including: 

step which corresponds to the fabrication process step * routine for receiving the process test parameter sample; 

to generate a plurality of simulated fabrication process a routine for simulating a simulated fabrication process 

results; step which corresponds to the fabrication process step 

a routine for generating a simulated profile mdicative of to generate a plurality of simulated fabrication process 

the simulated fabrication process results; and 65 results; 

a routine for controlling the manufacturing monitoring a routine for generating a simulated profile indicative of 

system in response to the generated simulated profile. the simulated fabrication process results; and 
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a routine for controlling the manufacturing monitoring 
system in response to the generated simulated profile. 

15. An executable program code according to claim 14 
further comprising: 

a Monte Carlo simulation routine for iteratively updating 
simulation results using a random seed value. 

16. An executable program code according to claim 14 
further comprising: 

a routine for formatting a plurality of process test param- 
eter samples into a process data profile; and 

a routine for matching the process data profile to the 
simulated profile. 

17. An executable program code according to claim 14 
wherein the software program simulating routine is a sta- 
tistical simulation of a semiconductor fabrication process 
further comprising: 

a subroutine for deriving an input parameter to the simu- 
lation from an actual fabrication process parameter, the 
input parameter being derived from a probability den- 
sity function; and 

a subroutine for simulating an actual fabrication process* 
the actual fabrication process being modeled as a 
probability density function. 

IS. An executable program code according to claim 17 
wherein the software program simulating routine is per- 
formed in parallel with the fabrication process step. 


19. An executable program code according to claim 17 
wherein the software program simulating routine is a sta- 
tistical simulation of a semiconductor fabrication process 
further comprising; 

5 a subroutine for repeating a plurality of simulation steps, 
the repeated steps applying a varying random seed 
value that is varied using a Monte Carlo technique. 

20. An executable program code according to claim 17 
io wherein the software program simulating routine is a sta- 
tistical simulation of a semiconductor fabrication process 
further comprising: 

a simulation loop routine using single-step feedback in 
which a simulation step of a plurality of simulation 
steps uses input parameters that are supplied from 
actual in-line measured data and generates output data; 
a subroutine for matching output data generated by the 
simulation step against actual in-line measured data; 
» and 

a subroutine for adjusting a probability density structure 
of the simulator after each simulator step so that the 
simulated data more closely matches the actual in-line 
25 measured data. 
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a o e * we* q oiefc *aaoia* 01s ^me BaoiiAia ^ar eiaa • saaio L aa oHxiaa^aa 
□ioie^i bi&b ^aaioiaoti pi&tii oHxias^. Aisaioiaa sfsaiE^ss ga^aoi 
♦ 10 5»ap oia t ■ b^ss m=«!!2j §2B Aiss, sea sB\B\ms. Aisaioiaoii oisat 2 
S 0 wa ls ^eas¥Ei2i"aaaa« oissioi at ^21 ss^ii aaspi ^hsh sxhbpj= sjoip 
h> soi =5)01 50 sa^as a asm mssmm eha^i ?i5H 100 aai^iss Aisaioi 
SSa'i »fil ii AisaioTas aaaaoi/H ^ sJiiB^a aa-ns 5000 jhs Aisaioi 
a^ia see 3301P. 

saia Aisaioias ¥ ^ixi pej- asssa on^sa-a Aieaioiaaiss sbbp. a^ia Aisai 
oiasss a? Pi&aa ii^e^^AH «iu£»^i oissit ana Aisaioiaoip. 
iggss a aaa^aaioiaoii onxmt= sa e^aioias sgsp. Aisaioi^ i sa»t: ^aas 
aol Aisa 1 - aai apa ^aaioiaa ^sna°s xisbp. «ia soi. ss^a sissaoiiAH. 

al liifig s ais uiaaa 1 w&a\ao\ 01 uiaa aaioii ppah ahs^i sijaHSAH, a^a «isa 
as ¥Ish ^saap. 

s »sa a^i ?iaa a§§ as aas 31x13 sua. 3 §21 smts sxia 3011 toe a a a 
apa aissspaoii chb ni^Bijes. aawoi sjn ois^sa ppoiehp a?iia asaa assp. 
seb . a 3ii a AiaaioiaoiiAH xisaaa aaa ai^aaoiiAHa hm * aa. 

Aisaioia saws zibsi Aisaioiaa nipoiaais s»ai^°slai xiiseipdipb 4=aa°s a§ 
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m ^ gip 01 B4© WSaSS *§UI*e*DIEPI- g££ ^§£12 0|EH© 3211 tt 4* 2 

s«»i» siaasw ^as§ soist* ©ck maw. i2sss£j axiigflte Bai^eisi niseis oi 

ssk* **§© ntstoiEisi ^§9 a^s s-aaiss ^aisw «ms© 4- aic*. 

s arson cue ^ssj ae §ss xnaii^soi z^aspi raisoii. xm*& ±x[9\ s©soi oh^ wd. 

^SDil S &g2J £Cf^ §gg IHI3£bl32| iJ^S ^SI&Qte SOICf. 

£ 1 & ah^ a swot a^£4>§ ggstb ¥ ^h°j ®92Js<mafoiEi2i saissiuas uEitu s^£j 

XH3Sj2F921 ^<^M iSSS^I 91© Zi£HH. 

£ 2 fe S U3 2| ^A| Otl CHI CUB AISB1I0K3 AI^S^SS UQfcH §^£. 

£ 3 S £ 2011 2JOUH AiaaiOltf A|^S2J ^ gj ( two-r un) xHe.|^§S UElfcH £. 

£ 4 te S 6JAI Oil CHI IBS S^IIAISaiOl^ gJ3 2| 2§2f§i UEJfcH SS^X>M. 

£ 5 fc £ 4 Oil SiOiAi HISX^IHJ *SPIOlEi H^SIEiglS^S UBFHi 

£ 6A Oil Al 6C £ 59\ ^SdlOIQ H9jH 9 88^21 82*22*» ?|© 3£H°. 

£ 7A CHI AH 7D ^3CHI0|E|2| I22*giEH^8^2i 52»a;2}» UEUS 3£HH. 

£ 8 S £ 4 CHI/d ^SS HS^dlHI © ±S2i. ^XHICHIOIEHg £2J CHI 01 EH Oil 0H*IA|5Mfe 5^131 U 

£ 9 S ttSSI &A| Oil Oil CUE 8313 AI§ai0l£2J 0j|*2|§S UEJH! SS^Xfe. 
£ 10 S S ^SHJ ^A| Oil CHI 3§Al^a2J Sfll UEI-ti! 

£ 2 AiaaiOl^ A1^S(200)2J =?^m UEfy g^£MAi , £PI A|^B(200)e PS*© JllSSbl 
(210) g§fl^0|EH2 *S6^ pgf© AI«Sbl(212). AiaaiOltf S ^ BH A| ^gj (2 14)^ ^ 0|^CH&D. 
*JXHI JlliE^SOilAH, D^°J *||SSbl<210)te JHSjUSOII 910\M a^2| B3IS 4^5PI fl«H AISSCI. 
XII £31321 OUH B3I0IIAK W^Diafc A|«Sbl(212)S AfSSIW aO<SO. £CH£! D^OIEI CHI 

OlEHfe 2£3^(216)S Al^aiOl^ g^EHAI^S^S a&SP. 2^3^(216)^ S^tfOlU Ui^ 

9|3a©2J &g S^Al^gJOl OlSeP. OB CHIOIEia^&aS 0F3UI^ CI^BOII 21© ^ 
S^j 3\^m 018V 4^ 2iP. WIS Sbl(210)2| Otlfe CVD S«T5| B S5S°, OIS gi»^EI|0|<y Sbl . ^ 

arsbi ssai^neHnisbi. ssia^L ssof^a. ?iioiEH>di§sbi . ^oiissbi §^ s»©a. ais 

Sti|(212)fc X^\^0\\M m ^£=IS ^OIX^^^^L ^§^^1, »»^SSbl; 

oi3 aioix-j ©MPiisbi, s^pi, ^AfaioiEi^^ss seioioi oi^oisci. se©. Aisaioi^ s 

^EUI^gj(214)S g§ a^EiS^ XHBIQ10IE-1S ^^1S\J\ 8^18^8 S©Stfe Olttj 

© ^#EUI^S£ Afg ^^6fCf. & iSi ?!© V^IAI OIISAI. SUN SPARC 20™ AHbi^ x86 PC ©Eiffll 
01^^^ a^EUI^S(214)0ll AfS£j2iCf. ^S^^Sfe PdFab™ AISSIOI^SS^ 0h0|3S^H^ ^ 

^21 D^OIBS^HM 2*A||^ §2J ^E|j2J ^HM?|CH^f QilOIE^dl S^Oil AhgECf. 

A|§aiO|^ A|^^(20O)S 01 a ^^| 8^6^ fll^&Se 8^11 S^S^OICK 

£«H ^«I°J XilSEIIOIEHS^P^ SSD^WOII ^SSXI P.^S^ ^^1 AiaMOIfl Al^g] 

(200) g QIOIE^F EJ^, XH£|. S^Sfe A|SBil0|<y^ 5^011 S2|°j 8^1^ Xil^©Ef. 

«wi Ai^aioi<y Ai>ig(200)& Aiaaioia sj^hj §«^£s ©^ai^pi ?i«h. ois^fe© cm an© qioi 
Eis'sse ^ sat: ^^s ^aa. Ai§aioi<y Ai^g(2oo)a mm* qioi a ^ ^sv^stxu oig^^ 
tern xi arsxi^s, ^© Ai§aioi<ys *aspi*i*H/H qioieh as(^)§ si^©a. ^ 

D\ AIMeilO|<y A|^S(200)S ^^^OIJl HH0I ©^EPI?!© AlgeilOl^oj £|^|©CK «!JH. ^ 

91 AlSaiOl^ A|^S(200)^ £^ 6l^5Hl ^8^^^ SSOilAH ^XHSfe CHIOIE^ 

Sjii- Ai^am°j easioi 4>g©ch 

£ 3 Oil AH £J 1T0I. AiaaiOlfi A|^gJ(200)0lt/HHJ ^gS^&j XHdl^g^ mSS^(310)2} Oil (320)21 

^J\X\2\ AH ^ Q5 £^££§ 51 S (310) OH Al fc OISP^© G||0|EI£f £21CHI0|EH2f 

EilOIEIS ' 

(3i2)iu 

myoi9 2i ,D ©S©/^T'^ cF^si Aiaaioia ^gi(3i2)Miif ^ixii* 

goj 2if i- 5*&©^(316)S ««8PI ^cHAi 7H&IQD. ^1^2! AiaaiOl^ ^D(312)^ 0IS2| 2§§ 
^(310)82.^ £^ 5j&©4*» OlSSfOI QIOIEIB *ia|©P. 

Oil ^ ^ SB (320)011 Ai Jn§^(31O)0ilAH *S@ QIOIEia ^&©4-fe 0IXI2JQIOIEHS 0H*6^Q| OISSP. 

oii^gs(32o)82h GioiEibiioi^oiiAi H^^^□IE^9^ sis mi. sh^ m§^ty(3io)oiiAi Afg 

£1^ s^ii^ss©^^ ^^i m^oiEia oi^©a. wet qioi eh £fe ei^ei nh ^ a i bh ^ h ^ 
pi qioiqwioi^oii aesioi 2i8 an. oia© wet chi oi eh £^ ejs-h&i mafoieifc =j»©^2i &m&o\ 
e^e 2i(Hi cnxiiecK 

□ 8. £ 4^ S^IAiaaiOld^^HI BSXH£l(400)S UEfy i^ns^. ^' S § ^L ( ,^2r.on^ 
2J^eJ3fS(420)JH Aiaai0ld^§(450)2j ¥ ^H2| S»©Q. 6T3I ^XJI ©^ej4»3(420)g 

HI § CHI Slfi© Eh^QIEHS ^^ISfSlfe 911 01 EH A|^^gJ(422) r Bttfi! S|X||S^SB5|I« 4*^6^ BaXHdl 
>,gj(424), <H^@ ^§HfS2| *§^iJ(426) , <y^^HI^2f§8 SSofb SSSS^i 
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(428), WETCIIOlEi El^OIEHB asgSPISIB WETCHIOI EH ^iJ (430) g SBBCh g§3fS0||Ai 

AlSeilOI^S^Oil ^21 QB ^US2J 5§8 01 SIB »6|2£ ^SP. A|§aiO|<MCH| »BB 5 

se^ifc a^sj^oj £fe =?soiiAi see- gssis ^^s^ (d, *a?t^& sufg 

(2). AlSaiOI^Ol PhfeSm (3). AiS QS PlfeB ^^S AISBilOl^ El-Ef D| El S| £§1011 CHSBCt 

(4). #3|S| *!B» Ollfe XHggJSem 0I22J HUH tfSh SHI 01 M 6i21, DilOlM OIIS. ^IBIOI 

ah ttstata s»aa. as5|2£ xhei jifSB^ioii ai ^a^i^ s^xisiaioiEis} bsueisqioieib s 

B8H= ¥^XI E*£J2] B 3*011 01 El 7t *§eCf. S^! Ql 01 EH2J Ojfc ^SlgS. 3101^ BBI 

^ai^woii chioiehs sbbcl saj»Baioia& wis mo\ sai^isie :hioi«=&oi, ldd^ejioiah 
2i » §oii am QIOIEiS ssbck 

£S5SEIS1 Oil 01 EH ~ BS^OIdHQ :?*38*fe ^S^^^EH ^£§2^AH . £S5^C[^8 

^sgiioieh scfe msmiEH &21 oib^^s schsb Ai§aiioi<y s^s swibq. s we on ens 

e§3^S2| W Oil Oil AH ^ BBXH£l^gJ(424)S 31101^ ^SH§1 4*SSf:32. 2i^B *?3^gJ 

(426)a &m^M2\ aioiEiMsmas *s»cl 

AISai0|£j»S(450)S ^XHI°I 2! £12! 21 3(420) 31- A|§fiilOI£ A|Sf^g|(462)S ^XHI 

B^B2IS(420)2j £?l3tEIIO|E|OII gBo^OI A| 831 0| £ 3*S (450)8 St^BQ. £M 911 01 HI A|2[>^gj 

(422)^ ?-ia^Me(Workstream m )m 1TB SSXHIOUi^S, ^3^S(Renrote Workstream tM )2l- & 

8 33XII0fA|±B2| S!3*3eXHtf. TCP/IP2)- a& AH W£[^ LHI^?-J3B2 II S6H A|S9I0|^HFS 
(450)2^ OISSJ^ 2£|g!Ei|0|£! CHIOIEHS &g ^3|GII0|EHS ^^ecf. A|S2||0|d A|2^g)(452)S Al 
S^IOI^S (450)2] mShDiEHB S2J2I AlSXfOil 2|5H §2J9 2*2£ £3|»BCK ^^1 A!8£1I0I£ A|5f 
(452)21 C[§ ^gjoj AimeilOl^ ^gJ(454)B XHBOIIfcr SJ2J2J AtSXtBSI&S. U^Oil^ ^XHI ejfij- 
21 ^Ss 2|i£S>01 E^D|EH&8 ^S5h01 B ^£1^11(424) Oil AH ^SS^ ^JHIaH£IB3|21 S2|^g 

a bck Ai2>«ai §21 ag*& gjsjmsmiEPi ais^s ji-chi 2jshah ssap. oibib gj^nfamiEH^ 
9a*iai^ii(424)a Aisaioia ^u(454)oii sissci, chioiehs oi£H :>m seh^ ^ sua. 
nau, s^qioieh^ ^xhi^soi aistspi soil s^i^ ssb^s e^qioieh aej^Hi 

bH a M 91 8H. CHI 01 EH b 0 |01S ^PH2J CHI 01 EH SAf0|2j QIOIEIUSJ 

a ^EfH ^^&CK S2i fi^ex^£| CHI 01 EH £1- S^l^ g^^j CHI 01 EH 

gS&^SA| AhSoPI^ISH ^f^^HSHf^^ ^2 S^ll UEItdP. S^HI S^IS^ISf 

g^l^ S^»2j Gil 0| EH ^ ^2|2j JISS SPJI^h All ^ XI 2| HSaXKMI 2| & S2^2^ ^-EH 

UEitbu. e*er. seoi B?ie^ji2j ^2101 o^y on, ^>oi uiciisHemas sssism, saei 

fiSEQf ^01^ fi^S^S ^ ^H2J 8hn-^^^H^H^2J ^t^o^ ^^@Cf. ^^§£^ OlgPf 

OH. B8I GllO|EH§o S UEfU^ GHIOIEH^ m-dJ-DI EH &!§ ¥!6ti AJSSP. g^a^B S»» 

2|2|2J ^XHI £E^ Al^aiOl^ g^fe B^ CHIOIEHSSPfe S^I^J SS^^^Ai AlgeilOI^IlF S§2fS01l 

A|geilOI<id ^§(454)8 A|gaiOI<M^gJOI CMdH &! S^IAim&IIO|^^ D\2i^S\0\ 2| 

2|2j A|§aiO|dS«H^ 2| Ei^ Bfll^SSS^S ¥EH2J StS 2^of2, SH&offe gEI^S^I Sfe ^X|- 
SSIOil a>dfAH EJ^^g £18(01. 2|2|2| *fll^SS^^2J ^^Cf . AIM&IIOI^oj ^314^ 

EH BTB^^ S«^52i »6fAI2JCL 

s htsoii me ej^xHdiEfafaiEi2j soiite xHEiAia memiE-ioicf. se€*. ass eiaej ^§21 

BSXHBI&XI0IIA1 g*Oi£!Q. OIBH& £]dfei ^SSHf^ B EH gl (456)^ ^31 A|gBilO|<y 

(454)011 #31 H^l!Eiij^iJ(456)B Bs XH£l>siJ(424)oS ^EH2J gj » »aDIH2J 21 

&F2J ^SCHIOIEHB BEISSHl. OI^B «£B4>BB(S ^^6PI?I5H ^>^l AiS^IOI^^ 

gj (454)011 AH A|g£ilOld23ffe 22|HSn^^^^g J , (458)^ ¥^?i A| H^ gj (460) 2 S SSTSQ. 

^^^iAi£>igi(460)e sai^hg^^^ Aigaioi^oii sfi§i aih&s s^sm. §d@ ai^^s 

^^1 AlSeiiOI^U (454)011 ^eSlCf. e2JH^n^^^^gJ(458)0ilAH^ ^XHI2B2f S2Jg3f21 ^ 

DH^steQi oissj^ e2ia^n^B Mm^\\o\^^ p^2j sei^ase^ioiiAi aioiLm, 

01 OH 2|2|2| SE||^BSB3llfc A| 01 ^ r^gj (454)Hf- ^2S>9| A|H>:gj (460)^ SS^ 1 DH^S SB 

^Pl A|Sei|0|^^gJ(454)^ ¥^¥IA|H^:gj(460)0ilA|2i PgllH^ ni^^^gj^S ^ZM Al SS»0| <3 Al ±m 
(200)2J B§I 9| B BgJ^gJ niH^PHa2J ^|B||^ SCk 2|2|2| AlgaiOl^r^Ug A|Seil0|<y ^gj 

S3f^ Sfi£^ a^fgO. B AlSaiOl^ ^gJOilAH^, QIIOIEH^ *§£JU Al^aiOl^ >iS2£ s^aoi 

n Ai§aioi^2j 2i^f jcH£ias2s ni^^@ci. A|gaioi<^2i suf^ AiBEiioi^^gioiiAi ^§aoi& 

Gil 0| EH 2j ^^B^fi 2!<ySfeCHIB Olg^Q. B^^gJ EIH^^Ha^ OIS^CN. CHI OIEH A|§EII 

0I^2J §S[E« &^A|?PI9I8H »2S8^I AhS^ 4= 9XH . A|S A|§aiOI£^2j Ah^^g^ awa 

^01 S^SQ. 

BSi^gJ nise» ?H^S Sfll AlBSKOIdSzrol. WST^OIS SB A|§dl0!d ^^J2J g£t asjgijj[ 
B ^Oil 2¥ 36i£l^ B^ ^iS^S ilfe ^ AlSfiilOIS S^OIlAi ^Lfe ^BH ^^2J Alg&IOI^IU 
^^^^^ E^sp. 

BB»ei>iil (424)2| $\m 01 CH 21^21 ±W (426)011 Alfe ^»¥3HI2| Q|0|EIM£mBB 

M8f2. QIOIEiaSWa 22fS 6lfllQI0IEI/S2|C||0IEHU|ja^iy(462)oS S&BCf. ^^1 ^XjlQIOIEH/ 
22JQI0IEH blJH^gj(462)^ 22J SS^B ^|«| (458)^¥EH 22JGHI0|EH2f 2Jdh2J Q|OI El (426)^ 

¥EH ^Xil 2i BIB CHI 01 EH B ^dSKH. 01 CHI 01 EH III- 2| CIXIB fi^^S - 0115 mO\ . a^tt^M 

2] §2| X^B 511^^01- bimBEK OlgTil Xf^H^m^s ^^H^mSAHS^g/(464)0il 

aHS&Q. SBS9IB DHS2§^gJ(466)B 01 S e2|CHI0|EHa A^6[01 e2J^^H^^Q|0IEHB tfBBXI. 
SE^ ^^1 CHI0IEHdl52^g)(462)0ilAI 2§9 ^SH^Il^S ^1^^ ^IHI CHI 01 EH S 2 £f 3 B XI S BSB 
CK fflBSSfS OHSXH&I ^&>iii(468)2J 22J H ^ Oil 21 5« AH AIBSD. ^^1 OHSXH&I ^Sf^il(46 
8)OI|AHfer «J| CHI0|EHH|J3^iJ(462)^¥EH2J ^I^S 8KH . ^^1 S2JH^E^^^^H 
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(458)S^E1 HHin^UfaS ^«»o^ £^A|^JP. £^1 0HSXH&I « (468)0ilAi £r #31 # 

anknTttk asiHswaia B««K)i, 01*21 Aisaioias ?ish esis^ e«g ssi 

a ^ uijamtcai oissife til 4 set. #31 es»»*a a^ifl© e grass bzibo 

oisecK faw, asi*aaioiHoii hish a2ja- chioieh^oii *£2i ^^^f n ^t?« s 2 2* 
m M*er->« asiwtedi ois&p. ye. ^xu^acnioiEHoii sish asisxiat oioiEi«*ioiite « 3 hh 
IpV^Vs^W^b ssi^feoi Anecf. oia* ohsss ^ei^^ a*aAtoio«/rf2i aisret 

^XIAI^iP. 

Ei^aor^^ss ^«s^u. p»b Ai«a»oi«. zzz^seh, eaissmwtfa. m?iai = , 
oiEi/sBiaioiEi bun, xfasswaixia. e&5Pi?i& dhsss if sbs^ Aisaioitf xHei^jg:* 
ohs*hei b&^soi 4= aic*. axil ei^ei jjisoiiajsi at eaaai^iiisu noil bh& 

sit AiaaioifiSoiiAifc *sr?i SBsmsmiEi chioiehs ois. tfaieiaei si^a^ aim^ioi^ aaaoi 

^ *h £| CH , ^£i^2i *H£IB31I^ ^X-ilXil^^^IU 2£l^BIOI 4>BSP. 

^bioi^oii, ^xhi ass 41x11 a[3S5^ei(428)2£ istin, ^a wetchioieh^(43 
o)s xji^2i§£j sisft^Qioieia ^asioi wetchioiei s^wbjs ^»cj. wet ohoip^ beib 

S WET Gil 01 El B ^j^SIb H« Si EH^U (473)CHI/H xHBISP. 

mm esiuis ^eioi*. Aimeiioi^^se ea^aBs^iyuzojoiiAi ese axiAi 

gaibl^OI SX|A|«aiOld^il(471)0i!AI ftlBSP. 8XIAISaiOlti^BI(471)S 01221 Ai^aioi^ 

^SOIlAi E*£ ngnf^ §ef SO)- AH ^?UIE AlgBllOiaS OIS, SEll5>SSe^S ShP. BXIAI 
SBilOI<y°SH^^^^gJ(471)g ^Xjl gi^S WET CHI 0 1 EH Oil 8H&8>fe SXISSWttB ga»P. a*IH 
SnfttDHS^a(474)S WET CHI0IE12I a»AlfiaiOlti±BI(472)0IIAI SXIEIIOIEia 2* CIXIBHSOf 

p - oti*T=oi Hsmassi ssj xis ai^si-oi- dimech oisiai gas sxi x^nsn^s axixt 
ss Sm axiaka(476)oii/H xisao. wetchioiei bbs ?i& onsaa>*B(478>s 0122* s21wetchioi 

EHS OlSStOI SSISSIttttCiiOIEIB BftBXI. Efe #31 SX|n£maOH3^!l(474)OII/H 2§9 *i~- 

siuss 3i£S gxii wetchioiehs a&ttaaixiB asea. E&s^e maxH£i(4oo)2j 5J§s^5S 

EtttB ««8^l«ai WET aXHSVtt £^:±:!J(480)2J S2j WETCHIOIEHOII 4=SSEK 

ssxHei(4oo)0iiAH ^^chioieh^ DHSHsmu^ asiHsma e^e s»aa. 
s wsow mm bsxhb.i(4oo)^ maioiion aicHAi. ^fli ei^ei^a(420)ii} Aisaioi^2fa(45o)s &wi 
s^a^oi saim. AiAiaoiiAi &asi wsasss AiAiaa. ses. as ^aiohoii saoiah. ^jxhi eisfaa 

S(420)3f A|§aiO|^^S(450)OI ^SSfOI ±JA|£]U. AIAI 21011 XH B| £1 XI St^Cf. ECfBf A1 . C[»© 

^X||^BI2fS^g|2F AlSaiOI^^USOl ^Xll 2J ^ei^S (420)2J ^SS^OIlAi ^CH C||0|Ei2[ 

^SEIH, ^51 H<3fflEH^gJ(456)I!* ^gJOilAH ilHSSH. SHB^eJ A| B91 01 d ^§ (450)21 

D. 

ssxHei(4oo)2i om maioiou sioi/d, ^^i ^xii ej2ie!»a(420) ss¥H o&a aoiat xjs 

Oil SSi ?|6H ^§^0112 

£ 6A 01IA1 6Cfe £ 5 £1 §£?X|iS[ BBmOt H^SEHH^aCHIOIEiS ^1^ H^liE^S^g 3£H5 
S tfg8[2 2iCf H^IJEH£J^*}£ 01IB MCH £ 4£j #31 12 ^ a EH r^gj (456) (473) Oil >H 4=^SCf. £ 5 
*§EilOIEHS SEHil5^ 291«EI»S^(50O)2| ^gl§S SS^Xh^OiQ. QIOIEIte A 

S^gJ(510)OilAi *§93, CHt 0| EH S|>i^3S XHs^gi(512)°l Q^^l SJWSfS 6 

x)BSl 2|2|2i ^?I°J ^Oll W01SO. QIOlElfc HSAll^ HI- E-l- D I EH , ei^2J*SX|4» CHIOIEH. WET CHI 01 EH 21 
«Aig ^y^o^ a^All^lI^OIEHfe XH^2IS^^ , XIS£j^ CHIi^ 5j&5H2 2J 

oi^^ HSAii'^wafoiasE ^8ia. hslah^h^qieh^ ihu^se. ««tai^ ^;. t s f^oi 

^^Eia ^?i ej^oj^sxi^QioiEHfe ^loieAh^xHai^gj^ ^i^ ^sf^^i. e st^oii as^ ftai^i 
III ¥Wi ssi ^H£isuf2j *s^i^s Meia. ^^i wet aioiEHfc s^a^(vth). ssig^s^ 

(Vsat). *JCH M^^^^e^(Gm). S§fSW(ldsat) S?l*t mSfOIEI^aaaB SMP . « 

yaB^e^gj puoisus^ei, ^loi^ojis^ij, ^mioiAi^a^eissj nHS^»si xnai^sg oiae 

WETCHIOIEH Eh^OIEHS XHIOioteCHI S S&S DISCI. HSAII^WBfOIEIfc EJ^m^D|EH21 fitBB 51 

te ia^oiEi»» ^kAii^oii xiaap. #31 ej^ej^axi-Maioieia wetchioiei^ s^isai 

^S£12, fii^maOIEISAI ^Ol H^All^Oll gJ^SP. 

£ 6A fc ^XHI oj^foi CHI0iEH^SXI^^21 6I^£3S^ U&t!! SH^Ai , ^1^^^ gfXFSS 

(6x)B UEHHH. All^^g *§XI^2] 3|3|2J «?l( 6x)0ilAH ol^Sfe CHIOIEH 921 SAI& 501 

Q E 6A Oil AH 6C 98(01 USsJilEHge^ X|^^S£II2 S^S CHI 01 EH Oil 2J5H AH ^BSCf. 

S LSa3i(6ypi 6x ab 4e ^a s atom. «sisi a^(n)oii 2jcn uvoia ^ch, ^^^21 xi 

01(x)2f IttSI SiS SJfcO. E 6B b 61X11 fiJ^BJ CHIOIEH^ a XI 4^ St SI ol^£3^g UE}tl! Sp^AH 
3 sig ^»fi ^gJ3^l(6y)2J 34(n) SB»B UEI^ICL OiaS CHIOIEH S^5f^S(5l6)01l 

ah al^aoi at ai^szi^^g at ^H33i«?ie.K)ii/d m^s^ chioieissi ^^2j oiss uaaa. 

£ 5 2J tlS^E^ ES^U(518)S ^XHI <^2J m^OIH^SI ^S^ES^B ^J^EK E 6C ^ ^ 
BW£B4»2| g^eilg UEiyCf. E 521 ^BSEH^^^SJ (520)011 A1^ n atBai£»4*HS ^gl(6y)21 

E 7A Oil AH E 70 te H^^EHU ^SQIOIEIB 91 » 39?llEISSat» ^B&O. ^aQIOIHOII 

Ai MWSft^b ^g^E^^Q^ OlS^o^ EB£1(M OiS QIOI EHE XHEISXj ^§ Ql 01 EH 

^'waH :nxi s^iniaiDiEHOii 2ishai xiaep. oiib boi. *b«eb^^ e 7A 21 Z\tt%f™ 
^xio^E^, ^acnioiEHfe s5KiafoiEH^(M). sshieuoi eh a« p ) . siQUKtatDiaat. ii^maoiaatoii 

21CHAH XiaSP. PS Ojl^AH, «ISil£S^ E 7B 2f ^I^^^SOll S^ISIE^. -SCHIOIElfe 
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aaroaoiagMu) asmafoiaau p )oii acHAia xiaap. a ps oiisai. d§ oiisai, 

I fl^SoiaSiM asH* xiaap. onimas a»as=B4oi etoos ^g 3 " 1 ' 2" 
eW ^aaioiafc samaoia&( u )oti °j6b/h^ xiaap. oiaa a as maoieoi 

sea an, a si»a *«ie»wi attect. 

E 8 S ^ni r 4 oi AIHI Q|OI P/2SI QIOI H HI2^U(462), S»=SI»a OH S (474) OH A1 6I»SIJ= 
■ SI DHSJSS}(800)S a 5 a SI^Snafll§^U(512) . 2*I&X^^U(514) . CHIOIEHSflSigJ 

rfat aalno ai ?ia masses- a?i -d(5i8)oiiah aaas awaioiaa *« a 

5 If cnioiaaa m+S uiaoi a xhi a oi a asms a ^a ^a^na^asia aioiaaa urna 

g£ nsjJai^ aaep ^a n ^b33ihsoih= * ?saia ft aioiaaa bias u 
ERHfeas* lini aioiaa wet aa 2§»4(6y) a a aa aioiaa * a aa ^« 

"(Vy'i »«?iej3?l(6y-6y')a PPUtfer 2^ §a UPW q.±j\ xiaaoisip. 

£J»B4= ag^Bj(822)0IIAH a^5c»a SSJB^te -B SSa ^Shfc SOfOIIAI 3 &aXH2iS0|- PS 

xilVa? Za^^sa oTawoi asap. a* a* 21 smiohah^ a^a^ ^saw s-io 
SJeih <d«p»Aia(Boi ^§ga «4oi atiBO. xisasp ^§ n. ,^t*SS £ 

Si Taisep Eifif a4»»4» at fls«94is^ a^a^a $8 cm - * aw p 

a^aVs ^sbp '^s^aa aara^xi a?ia pa*ia*¥a 3§bp. awaas. ^ 
a AiaaioiaS a^s^Val^sea Aisaioiaoip. ec» a**** a^ats smi 

EH, 8}?l D»4)»*J| 25j a EH B SffeP. 

I gafsj sj&a^o« aa fee Aiaaioi^amae Jis^aot aoip. a?i §*js wpoi 
aa aioiaftaa s^ife; ^s^i^a aaaaaaioii asn yeswi es^acxa^ sis*, a mi ^s?i 
5a aawait saaoii saigas sibbo. oit oiib aw a^ saieaa^ai 
io% 35% 75% di aa aioiaa 10%. 35%. 75% on «aaa. aioiaa moisi aioia as aaaon a 
6H a^sMi ftaep. 

aw 0Hsszf(8oo)on asH awxifc ape sss sas^i «ia2, chj= aioiaasa 

aoS ™ aa7 x?«iaa S«saa%sa ^a^ss aasn= aaaioiaoii atsa<> ^ps 

330IP. 

iSias iftSsS K JiSa sag oiiaap. obai, oHSsaKsoojs maaioiaoii 1 a 
m a! a a a * a« I m as 4= sip. ^xis^oi^oii psa. aaa^Pi a?io« 2^2^^. 
a %eq Biaa^sTaaEa ^aaa 91 «h ai ewia pa^oi aaaioiaoii a shah aaaxi as 
a^a aaa^oii oisap. 

aa»aa as oiw 01 ft a bp* ^isep. ssyxts ssxf^s- a^waoia Efc sswai 
^ «i*aaa «a aawafDiaa xiaap. xiaaxias »ajoiat aaaaiffliAi ess mpoia 
afe sSSSm paaaS a s Ton ah as 01, sss»xia aaaaaiaa sswxia aaasmao 
?ieja2 pasgjejmpoia/asmaoi aaat AiaaioitfAist^iioiojas ¥a oiift*)a(9oo)^ 
Aistep' Aisxtaa Aiaaioia^a(9i2)oiiAi Aiaaioiaoi Aisraa, Atsxtxiaaioiaa aioia « 

lfe^B(9i8)oii/H"eaep. «£iss^a(920)oiiA) otiftAisaioias ssara^xi aaa aa^am 
a?i 01 aw aios asiaasp. 3 «. axiAiaaioiaoi a«Aiaaioifl^a(922)oiiAi ^aap. 
a»Ai«aioi«2s'¥ a ft«e ssuas oh s^u 024)011* oHsaw, 2a vcTaioiaa 

aap. 

sxiAiaaioiaoiiAi aaae wETQioiat saa oHsa aa^ias oisa-01 flaiAiaaioia ^a eia 
ej aioiaa ^as eaap. 

b as 011 us aa aaiaasi aas aaaioiaa a»mioia saepii. ssg^^'fia= 
S^siAiof a^oiapfe aoip. aa. sg ^ixhi ejpaiaioiaa wet aioiaa Aiaaioiaa a* 

II oiicnap akf aaaaoiwa sa^aaoi l »2Sfxi aojA) ai*eaoi 1 a 5 sswia- 1 a §a 
5taoii oT^cHxifc Aiaaioiaoti a shah nsaaoi Piaap. apa aas & aaoii pa aaaioia 

mpoiaa a«faa aa-Aiajp. 
r in o msAi^aa am^sdooos asspi a a assasAH, »i5ssdoio)s ejaej aioiaa 
-( InumM iaaat 3m iSS aioiaa ^sasia. wetbioip fta^B!(ioi6)a aaaaa ®% 
ap 0 wet «ETQioia«a{ioi8)oiiA f cHassp. eiaei aioiaa wfTaioiate «ojaH«o^ 

no2o)s ej^au aioiamioi^(io20)a aioiaa ^ as aeHa st^ss xjsaioia^a^a 
S S/h aliab oia^i »aa aioiat aioiaxHaa^(io24)CHi/H wm93 aaaaMoaww 
ssap DHSS^fc aioiawioi:Mio2o)s a^as sgniaa aioiaa aaspiwsH oHsa^aa 
nclsloHAH aaBcT a? ase asniaa aioiat oiiaaa( 1030)011 ssap aoi en wr 01^002 
o)ohah aeia sat aa ^s^ea^(io32)oiiAH ^sas ?*a2, 01 aioiat sawoiiaai ga 
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Gil 01 EH 


HI01EHM034)» ttffll ^SCIIOI El £I«^(1036)SS SBSCf. #51 CHOI EH *H ai«**( 1036) Oil Ai £S9 

oisbq * #51 «55ai(To30)fc *^(io42)£i □»» ^sou iia* wi^as aaact. 

SmS^itSia a^iaSt *oia 611s Ion. s s*soii mm -jaioiiah- ai&oii an a 
S-2si aa»"S oh^ at £ ^o^a chioiei* *atr 4- ac*. s=a. « waoii rac 9 

m moii£ 4> sip. 

id r #5121 sots* 71*011 ai^e aims 01*011 2^*1011 ^i^aoi ssiaoiaife e 
si 3^2* ^ xi 0} oil ah c*»e e». chs. ssoi phswcl 

1 

HISSSSl ±IW Oil »g£|fc JjlSgS^HM ^SSPI^S* »ISSai»: 

^XHs^EH &XI9 SSEil^e m dfDiaHJ fiSi EH^#bl£f: 
#5| SSEil^^EfamiEH fi^e 4*£!St5|*ISH Eil^#bl01l a«B2h 

SsHbi Seel *a» a»aAi^aoii/H ^hsww ssnaa sa*fe 

3ig figog 8^ X|| 5 eUEISAI^S. 
S^S 2 

SI 1 SOll 2iCHA1, 

#51 ^HMSliC* 523^2 gJ2J2| A|=3*8 OlSStOl AIS£ll0|^S3fg S«2J2S ?§6i5f= SEII3W 
S Al§ai0l>3¥&!^ CH S»8ffc 5i ^SS=>£ ai-fc XH|2£ eUEISAI^H. 

S^S 3 

XH! 1 »Oil &CHA1, 

^ m ^|ch ngngg ci^hj saai^s we*oia ssi ssqioieh nemaoo ase^fe 

#51 g§ Ell 01 EH °£Ht&j» 22J HSH*W8 OHS^fe CH 5&6f^ £8 Sfe XH|£ S 

uaejAi^a. 
a?» 4 

XII 1 8 Oil 9JL0\M t 

#51 ^H^ICH H^3^ AI§aiOI£!^£!^ ttSEXII Xil^gSHJ S 711 Al gfiil 01 d 01 H , fclXII XH1£S3 WSl 

oi eh oil ah Aisaioi^asL. 5> s Bisa^a^Ei £*£i^ gjsjmamiEis SEasht Ais^&iu: 
t[ g ^£^£ s^aa^ ^xiixhi^s#s Aisaioitf^te Ais?©! en aesffc ^#^^ 
xhi^ suaaAi^a. 

S^PS 5 

XHI 4 » Oil aiOHAH , 

#71 ^HM?IICH AieaOld^&ie #51 Xlli^§^^I2h SAICHI ^^£J^ ^#^^ Shfe 

xiii auEHSAi^a. 

6 

XII 4 S0II Si 01 AH, 

Ah^i ^n^^|CH ng^g AI§eilOld¥E!S SHI^BS MSSKM CfSft 5^ AlHatS 

SSwVcT^ AT#aiOld^SI BWffc A1^^&^ CH S»»fc, XHI^SSHI 5511 A|g£ilO|d 

&g 5^ XHI^ HUEHgAl^gj. 

7 

XHI 4 &OII &CHAi, 

Ah^| ^heeo^ AIM2il0ld^E!S Q^SI AlgeilOl^^gj^ o[L[2\ AI«EII0lti^eiOI B 

S3 AiSoiSs^Ei ise a^majoiEiB aw«k« s^chioiehs ^j#s^ e^-n hih^s ois 
5^ Ai§aioi^^H^&5i; 
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Aiseiiois^gioii/d ^aioiEm axii e»afe!AsaioiEi» ohss^ /ds^eah 

&2\Gl\0\£\?\ tfXll SJ^ei ^SQIOIEIOll CH^ ^S^l 2J 221^01*011 A|§5j|0|<M 5£3g 

21 S|f^£^S 5§5fb A-m^Els CH SS8lfe.y£EXII XIIS3S2J §31 AlSaiOl S 

XIISg§£| ^ XH CHI ^SSife XH2g§>sg|§ 4* S 8*12: 

&3| ^XHS^Ej UX|@ SSEII^M WemiElSI S^S ^6[2; 

S2|X-1|SS§2^S ^^6^I?I8H #31 fll£^3^gJOil □gaffe SSJXIISgS^ijS Aisaioi^ 

S^S* 9 

XII 8 &0II SiOUH. 

#31 AISaiOI£j»SS &J2J2J AtS&g 0|§5f0t AISaiOldSBS y^^o^ aUSlfe SEII^»£ Al 

SeilOI£!^&S 4^Sfe I§i CH £»6fb 2 = ^S^S offe X||S§3°I auEis»e. 

S^S 10 

XII 8 & CHI 2lO\M. 

C[^2\ gSEil^M QI-BfOI El 5^1 S3GII0IE4 °£Hta4 0|| S^ofe ^3^: 

S^PS 11 

XII 8 »0II 210\M. 

AISeilOi^BS^ X||£g3 2| saiAlSaiOlg^SOIIQ. ^»fflE»4»0H/d 2S£lfe SJB«JIf2* 

DIE-IS ft! XII XII 2 S3 IUdmiEHOIlAi AlBCIIOIdSS BSjJH 

fi>i^£^^ sai^b axiixiisgss Aisaioi^o^ iii en sssffe ^§°§ xiis 

12 

XII 11 »01l 2iCH/d, 

&2I A|gBilO|<^2ISe 6T3I X||SS§l^eijl} S A| CHI ^SEIfe 31S ^S^^ Ste XHSSS2J SUEISSt 
3. 

SJ^PS 13 

XII 11 &0II 2iCH AH , 

a^i Aisaioifij&se xii^sssy saiAisenoiaom. saigas gt*js aissfoi aas ssi 

14 

XII 11 S01I &CHAH, 

£>oi ai^buoi^bsb &Efli xhssssi saiAisaioitf om. a^sj Aisaioid^gjg sua ai sai 

OlO^gjOl 4IX|| o'^oi *§P|0|EH^^EI £J^Hf dmiEiS AfSS^OI S^QIOIEHS £J£5hfe E+SJ 
r^gj HIE^S OlgS^fe A|g£llOI£^°§ £r&Sffe 

&?l AlgaiOld^MAH Ay^@ «e(C||0|EISI dl XII £J £f &i *$9GII0|Ei» 0H£J6h£f 

SSJGUOIEim 41X11 ojEloi ^SQIOIEIOII CH^r 21S7II GHXISh£«* 2| AimaiOI<y^iJOI^0il A|§aiO|<a H 
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E&3 


200 


i 


374 
WET ^1 c»l Hi- 








f(x) 






370 


oi2l-?l WET 




320 


T 


^1^-2:51- WET *2}-^Bl 
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£34 


422 


420 

J 


424 


■4 — ► 


456 


426 


462 


464 


428 


472 


452 


454 


3.2H 

458 


450 

J 400 
J 


460 


466 


477 


468 


I 


470 


WETe1Mb| 
430 

■4 — ► 
•4 — ► 

► 

473 

— ► 

474 

► 







r 


476 




* — 






480 


478 
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500 

J 


512 


p... . 

5_ 

14 


516 


f 


▼ 

518 


520 
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£&7A 



LOW MEAN HIGH 
SPEC SPEC 
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LOW \l HIGH 
SPEC SPEC 

SE&7D 



17-14 


800 


1 



f 

510 



5f8 


r 


f 

512 



520 

. — i 



f 




820 

i 

f 

i 

f 

516 



822 



i 

f 


J 
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S&9 





f 

910 



918 


f 

\ 






912 



920 




r 





914 



922 



\ 






916 



924 




r 
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o o 


WET 

7010 

» 

1016 

* * 


♦ 




101Z 


7078 





^ <>i nil o] . 

1020 


7022 


7024 


7026 

i 


1028 


3. 


7032 



1034 


7036 



7038 


r 




7040 
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